Abstract. Elderly people represent the age group most frequently affected by acute kidney injury (AKI). The potential of Antithrombin III (ATIII) level for predicting AKI among elderly patients with sepsis is yet to be elucidated. Therefore, the purpose of the present study was to evaluate the ability of ATIII to predict AKI nondevelopment and prognosis in elderly patients with sepsis, in an intensive care unit (ICU). The present study was retrospective and included 107 elderly patients with sepsis who had been admitted to ICUs between October 2015 and March 2018. An assessment of renal function was performed daily by measuring serum creatinine (Cr) level and urine output, and ATIII level was obtained within 48 h of sepsis diagnosis. Among all enrolled patients, 29 (27.1%) developed AKI. ATIII expression was a predictor of AKI nondevelopment [Area under the curve (AUC)-Receiving operator characteristic (ROC)=0.729; sensitivity, 0.700; specificity, 0.714], and the ATIII/Creatine ratio was also a predictor of AKI nondevelopment (AUC-ROC=0.971; sensitivity, 0.900; specificity, 1). The accuracy of ATIII (AUC-ROC=0.681; sensitivity, 0.802; specificity, 0.542) and ATIII/Cr (AUC-ROC=0.804; sensitivity, 0.596; specificity, 0.875) in predicting survival was intermediate. However, the ATIII serum level was able to accurately predict AKI nondevelopment in elderly patients with sepsis, who were admitted to ICUs. Patients were divided into low-and high-ATIII groups using either 66.95% or 55.7% as cut-off values, both of which were used for further analysis. By comparison, the ICU stay was significantly lower in the high-ATIII group [P= 0.020 (69.95%) and 0.049 (55.7%)] and off mechanical ventilation time, off continuous renal replacement therapy time and survival time were significantly higher in the high ATIII group [P=0.049, 0.048, and 0.014, respectively (66.95%); and P=0.041, 0.036, and 0.021, respectively (55.7%)]. The current study indicated that ATIII serum level predicts AKI in elderly patients with sepsis, and that low ATIII levels predicted a poorer prognosis.
Introduction
Sepsis is defined as infection resulting in multiple organ dysfunction (1) . Acute kidney injury (AKI) is a common early complication of sepsis, with an incidence ranging from 11-42% (1) . In addition, the occurrence of AKI in patients with sepsis indicates poor prognosis and significantly increased mortality (1, 2) . The elderly are the primary age group affected by AKI (3) . Therefore, early detection of sepsis-induced AKI and timely treatment may improve the clinical prognosis of elderly patients with sepsis.
The mechanism by which sepsis induces AKI is yet to be elucidated. However, the inflammatory response to sepsis is considered to serve a role in kidney injury. Inflammatory responses in sepsis initiates the release of pro-inflammatory cytokines into the circulation, which results in systemic inflammatory responses (2) . Multiple studies have demonstrated the associations between inflammatory factors and kidney oxygenation, metabolism, inflammation and function, where these factors promote leukocyte aggregation, which may result in renal inflammation (4) (5) (6) (7) . In addition, clinical studies have also suggested that novel biomarkers are required in order to detect AKI prior to creatinine and urine volume assessments (8) , which with high susceptibility, is also a predictor of prognosis (8) .
ATIII serves a vital role in anticoagulation and influences anti-inflammatory effects (8) (9) (10) . Studies in animal models have indicated that ATIII exhibits a protective effect on the kidney, primarily via its anti-inflammatory activity (9) (10) (11) . Furthermore, endogenous ATIII dysfunction exacerbates renal injury in animal models. In clinical studies, low ATIII levels increase the incidence of AKI in a number of patients (12, 13) .
However, further studies are needed to validate the protective effects of ATIII in sepsis-induced AKI. Although Cr and urine output can be used to diagnose AKI development, these assessments are often performed too late to identify AKI. The present study hypothesized that the occurrence of AKI in infectious elderly patients may be predicted by serum ATIII levels or a combination of ATIII and creatinine.
Materials and methods
Study population. In the current study, patients age ≥60 years who presented with sepsis according to 'Sepsis 3.0' clinical criteria were included (14) . The included data was collected from Shanghai General Hospital (Shanghai, China) between October 2015 and March 2018. The medical records of patients with sepsis who had been admitted to the intensive care unit (ICU) of Shanghai General Hospital were reviewed. The present study was approved by the institutional review board of the Shanghai General Hospital. Since the data published was retrospective and anonymized, the need for informed consent was waived.
Inclusion and exclusion criteria. In the present study, 'elderly' was defined as individuals ages ≥60 years old, according to Chinese laws. AKI was defined as an increase in serum creatinine or decrease in urine output following the Kidney Disease Improving Global Outcomes (KDIGO) criteria (15) . Patients were receiving no previous or ongoing treatment that may have effected the results of the current study. The inclusion criterion were: i) Patients of 'ICU' admission aged between 60 and 85 years that had ii) presented with sepsis, which was diagnosed according to the 'Survival Sepsis Campaign 2012' (14) . The exclusion criteria were patients with: i) Stages 4 or 5 chronic kidney disease (creatinine clearance <30 ml/min); ii) a kidney transplant; iii) an ICU stay <24 h; and iv) a previous admission to the ICU with AKI. Patients with end-stage diseases (malignant tumour, leukaemia, cirrhosis, NYHA class IV, and severe COPD), a written 'do not resuscitate' form or a history of allergies to antibiotics or other drugs, were also excluded.
Baseline glomerular filtration rate was estimated using the Modification of Diet in Renal Disease study equation (16) . Baseline creatinine was defined as the lowest serum creatinine value detected in the 6 months prior to AKI onset, or for those without this measurement, the lowest value achieved during hospitalization (in the absence of dialysis) (17) . Complete data regarding the inclusion and exclusion processes are presented in Fig. 1 .
Outcome. The primary outcome measured was AKI, and the secondary outcomes included use of continuous renal replacement therapy (CRRT), 28-day mortality, 90-day mortality, incidence of multiple organ dysfunction syndrome, shock, length of hospital stay (days), duration of mechanical ventilation (days) and use of a vasoactive agent.
Data collection. All data were retrospectively collected. Baseline data, including demographics, medical history and disease severity, were collected retrospectively for each patient by reviewing patients' medical records. Laboratory data were collected from the first day in the ICU. Vital signs, haemodynamic and laboratory data were collected each day during the ICU stay. Renal function was assessed daily according to creatinine levels and urine output. Serial Acute Physiology and Chronic Health Evaluation (APACHE) II score and Sequential Organ Failure Assessment (SOFA) score were calculated on the first day of admission to the ICU. AKI was categorized according to the KDIGO staging system 7 days after AKI diagnosis.
Blood samples were collected and tested for ATIII and Cr levels within the first 48 h of treatment of sepsis diagnosis in the ICU following admission. The samples were centrifuged (3,000 x g, 37˚C and 10 min of centrifugation) and stored at -80˚C prior to subsequent analysis. ATIII was detected using human antithrombin III ELISA kit (cat. no. SY-01862; Shanghai win-win biotechnology company), and ATIII activity was measured via colorimetry. Following plasma incubation (37˚C; 10 min) with heparin and thrombin in excess, residual thrombin was measured according to its amidolytic activity on the chromogenic substrate CBS 3447. Serum Cr was measured using an enzymatic colorimetric test based on the Jaffé reaction (alkaline picrate) (18) .
Statistical analysis. Statistical analysis was performed using SPSS 13.0 (SPSS Inc.). Quantitative data are expressed as the mean ± standard deviation. For data with a normal distribution, an independent sample t-test was used to compare the differences between two sets of data. For data that were not normally distributed, non-parametric tests were used to compare differences. χ 2 test or Fisher's test were used for analysis of nominal data. A logistical regression analysis was used to evaluate the outcomes based on risk factors selected using univariate analysis. The diagnostic accuracy of ATIII levels in predicting AKI and mortality were assessed by calculating the area under the receiver operating characteristic curve (AUC-ROC). AUC-ROC analysis was performed by comparing patients with AKI to those without, and by comparing patient survival. The optimal cut-off values were defined as the highest values of sensitivity and specificity calculated via the AUC-ROC analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Patient demographics and baseline characteristics.
Study enrolment was undertaken between October 2015 and March 2018. Throughout this period, a total of 130 patients were selected for the present study. A total of 23 patients were excluded upon admission to the ICU, in accordance with the pre-defined exclusion criteria. Therefore, a total of 107 (82.3%) patients were included for further analysis (Fig. 1) .
Patient demographics and baseline characteristics are presented in Table I . In total, 65 patients were male (60.7%), and 42 (39.3%) patients were female. All 107 patients were included in the final data analysis (Fig. 1) . The mean age was 69.76±4.773 years, and the majority of patients had comorbidities (87.8%). Hypertension, cardiovascular disease and diabetes mellitus were the most common comorbidities. The APACHE II score was 17.42±2.28 and the SOFA score was 6.757±3.10. The requirement for mechanical ventilation and noradrenaline use in the first 24 h after admission to ICU was 63.5 and 51.4%, respectively. The primary source of infection was lung infection (57.0%), followed by abdominal cavity (43.0%) and urinary tract infection (24.0%). A total of 29 patients (27.1%) developed AKI, with the majority classified as KDIGO 3 (63.0%). KDIGO 1 occurred in 11.1% and KDIGO 2 in 33.3% of patients. 'Need for dialysis' was indicated in 17.8%, and the mortality rate was 37.3%.
The characteristics of the non-AKI (n=78) and AKI (n=29) groups were similar with regards to age, diabetic status and comorbidity with immune disease, liver disease and COPD. Whereas patients who were male or had hypertension or cardiovascular disease were higher in patients with AKI, and mortality was higher in patients with AKI (89.6 vs. 30.8%; P= 0.026). (Table III) . ROC analysis of ATIII in elderly patients with sepsis with AKI vs. non-AKI. Fig. 3 indicates that ATIII was a predictor of AKI Regarding ATIII as a predictor of survival, the areas under the curve for ATIII and ATIII/Cr were 0.681 and 0.804, respectively ( Fig. 3C and D) . The optimal cut-off value of each one had a sensitivity between 0.802 and 0.596, and specificity between 0.542 and 0.875 (Table IV) .
Patient outcome data with ATIII cut-off. The ATIII cut-off value in predicting AKI non-development in elderly patients with sepsis was 66.95 g/l (Table IV) . The ATIII cut-off used for predicting survival in elderly patients with sepsis was 55.70 g/l (Table V) . When patients were divided into a low ATIII group and high ATIII group using 66.95 or 55.70 as the cut-off value, the ICU stay was significantly lower in the high ATIII group (P=0.020 and 0.049, respectively), and off mechanical ventilation time, off CRRT time, and survival time were significantly higher in the high ATIII group (P= 0.049, 0.048, and 0.014 using 66.95 as the cut-off and 0.041, 0.036, and 0.021 using 55.70 as the cut-off value; Tables VI and VII) .
Discussion
The present retrospective study aimed to evaluate the association between ATIII expression and certain clinical outcomes in elderly patients with sepsis, and revealed an association between decreased serum ATIII levels and AKI, mortality and other morbidities. It has been previously demonstrated that morbidity and mortality in sepsis is associated with decreased ATIII levels. A systemic review and meta-analysis of ATIII prospective randomized trials indicated no overall effect on mortality (19) . However, the current study revealed that ATIII was associated with prediction of AKI in elderly patients with sepsis. Patients with a high expression of ATIII were indicated to have a shorter ICU stay, longer time without mechanical ventilation, longer time without CRRT and longer overall survival time.
It was discovered that 27.1% of elderly patients with sepsis developed AKI, and the majority developed AKI stage 3. This is consistent with a previous study, which reported that the incidence of AKI among geriatric patients ranged between 11 and 42% (1). The in-ICU mortality of geriatric patients with AKI (37.4%) calculated in the present study, was similar to that reported in other studies (16-40%) (3). Notably, being male, exhibiting hypertension, cardiovascular disease and having high serum ATIII level were all identified as predictors of AKI using logistic regression analysis. ATIII level was a predictor of AKI-nondevelopment (AUC-ROC=0.729; sensitivity 0.700; specificity, 0.714). The ATIII/Cr ratio was a predictor of AKI-nondevelopment (AUC-ROC=0.971; sensitivity, 0.900; specificity, 1). The accuracy of ATIII and ATIII/Cr as predictors of survival was intermediate (AUC-ROC, 0.681 and 0.804; sensitivity of 0.802 and 0.596, and specificity 0.542 and 0.875, respectively). In the setting of the ICU, ATIII demonstrated accurate predictive value for AKI-nondevelopment in elderly patients with sepsis. The ATIII/Cr ratio was used because it makes more sense to measure both parameters simultaneously. This is because, decreased creatinine and increased ATIII predict the improvement of renal function injury; increased creatinine and decreased ATIII predict aggravation of severe renal damage; an increase in both creatinine and ATIII suggests that renal injury may not be caused by inflammation; and decreased creatinine suggests possible coagulation abnormalities (4, 9, 10) . This may also be the reason that the ATIII/Cr ratio exhibited higher significance (and a lower P-value) than ATIII.
To the best of our knowledge, this is the largest dataset analysed to determine the predictive potential of serum ATIII level on AKI development in patients with sepsis. There are articles have described the protective effect of ATIII on the kidneys, but these were studies conducted on animals (12, 20) . Katayama et al (21) revealed that the AUC-ROC of AT III was 0.618 (0.564-0.670); however, in the present study the AUC-ROC of ATIII was calculated to be 0.729 (0.596-0.861), close to sTM 0.758 (0.677-0.825). Furthermore, the AUC-ROC of ATIII/Cr was 0.971 (0.940-1). To the best of our knowledge, the prognostic value of ATIII level in the prediction of AKI in elderly patients with sepsis has not previously been elucidated. ATIII has been revealed as a promising single, universal predictive methodology for sepsis with an AKI diagnosis. In addition, further studies on ATIII will be further studied in the future and may help to improve evaluation of prognosis in patients with sepsis-associated renal injury, in addition to helping clinicians diagnose AKI more quickly and accurately. ATIII is gradually being introduced into clinical work in the setting of ICUs, however, there are also multiple challenges for its use, including a lack of universal standards for results analysis or guidelines for results interpretation. The early detection of AKI in sepsis is still challenging, requiring a combination of clinical judgement and other objective workups. In the present study, ATIII exhibited a predictive effect on kidney injury caused by sepsis. Low ATIII levels are associated with an increased risk of AKI in patients with sepsis. In rat models, ATIII improves kidney injury prognosis primarily via the reduction of inflammation, apoptosis and oxidative stress. In addition, ATIII may serve an anti-inflammatory role by inhibiting the release of both inflammatory cytokines, and chemical kinase-mediated infiltration of immune cells (12) . Therefore, ATIII may serve a predictive, preventative and protective role in sepsis-induced AKI. ATIII serine protease inhibitors not only represent major coagulant factor inhibitors in vivo, but also exhibit numerous clinical anti-inflammatory properties, including in disseminated intravascular coagulation and sepsis (9, 22) . In addition to inhibiting inflammatory cytokines produced by endothelial cells (23) , the mechanisms underlying the ATIII anti-inflammatory effect include increased synthesis and secretion of prostaglandin, inhibition of neutrophil roll and adhesion (24) and prevention of platelet activity (9) . ATIII does not appear to have a significant advantage over other biomarkers (including NGAL, KIM-1 and cystatin C) already used in the clinic. However, the limitations of the current study may have contributed to this; the retrospective design, small population size poor follow-up of long-term survival mean further studies with a larger sample size and improved study design may help further validate the findings. Nevertheless, ATIII represents a promising biomarker for renal injury secondary to sepsis, especially in hospitals where NGAL, KIM-1 and cystatin C cannot be detected.
The results of the present study indicated that ATIII can predict AKI in septic elderly patients, guide clinical management and reduce mortality. Clinics that adopt new methods, including ATIII assessment for patients with sepsis to assess the aim of personalized and precision therapy, may be able to utilize ATIII to predict AKI quickly and guide treatment. As a promising biomarker, ATIII may change conventional management of patients with sepsis.
In conclusion, the present study indicated that ATIII predicts AKI in elderly patients with sepsis. Therefore, lower serum ATIII levels may predict a poorer prognosis. The findings of the present study can lead to new ideas on ATIII and AKI prevention. Further studies are needed to confirm the role of ATIII administration in predicting AKI and increasing survival in patients with sepsis.
